3 micropost array on a thin PDMS film, functionalization of PDMS microposts with ECM proteins, and integration of the PDMS micropost array onto a large PDMS basal membrane (Supplementary Fig. S1 ).
Fabrication of the PDMS micropost array on a thin PDMS film.
A thin film of PDMS (with the base/curing agent ratio of 10:1) was spin-coated onto a clean glass coverslip at 2,000 rpm for 30 sec. The coverslip was baked at 70°C for 48 hr, resulting in a fully cured thin PDMS film with a thickness of 20 µm. To fabricate the PDMS micropost array on the thin PDMS film, we first generated a negative PDMS template containing an array of holes, by pouring PDMS prepolymer (with the base/curing agent ratio of 10:1) over the Si micropost master. The negative PDMS template was cured at 110°C for 20 min, peeled off, oxidized with oxygen plasma and silanized with (tridecafluoro-1,1,2,2,-tetrahydrooctyl)-1-trichlorosilane vapor overnight under vacuum. To generate the final PDMS micropost array on the thin PDMS film, PDMS prepolymer was poured over the negative PDMS template and degassed under vacuum before the coverslip containing the PDMS thin film was flipped and put into direct contact with the negative template covered with PDMS prepolymer. A gentle force was applied to the coverslip to ensure horizontal and uniform contact between the coverslip and the negative template. The whole assembly was baked at 110°C for 20 hr, before the coverslip containing the PDMS micropost array was gently peeled off the template. When peeling induced collapse of the PDMS micropost arrays, we regenerated the arrays by sonication in 100% ethanol for 30 sec followed by dry-release with liquid CO 2 using a critical point dryer (Samdri-PVT-3D, Tousimis).
Functionalization of PDMS micropost top surfaces with ECM proteins.
Functionalization of the PDMS micropost top surface was achieved using microcontact printing while the PDMS micropost array was still held on the coverslip. Briefly, PDMS stamps (either featureless or with patterned surface structures) were cleaned by sonication in 100% ethanol, blown dry under nitrogen gas and then immersed in a saturating fibronectin solution (30 -50 µg ml -1 ) for 1 hr.
The PDMS stamps were washed three times in PBS and blown dry using nitrogen gas.
Fibronectin coated PDMS stamps were placed in conformal contact with UV ozone-treated, surface-oxidized PDMS micropost array, to facilitate fibronectin transfer from the stamp to the PDMS micropost array.
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Integration of the PDMS micropost array onto the basal PDMS membrane. To generate the basal PDMS membrane, PDMS prepolymer (with the base/curing agent ratio of 10:1) was spin-coated on 100-mm petri dish covers at 500 rpm for 30 sec before baked at 70°C for > 48 hr, which resulted in a fully cured PDMS membrane with a thickness of 200 -300 µm. In parallel, the thin PDMS film holding the PDMS micropost array was gently peeled off the coverslip and was flipped and brought into conformal contact with a PDMS pad. It should be noted that the PDMS pad, which serves to protect the ECM proteins on the top surface of the PDMS micropost array, should be prepared freshly, so that its surface remains hydrophobic and has a low affinity to ECM proteins and thus will not adsorb ECM proteins from the PDMS microposts. To make sure conformal contact between the micropost tops and the PDMS pad, a gentle nitrogen blast over the backside of the thin PDMS film was found helpful. The backside of the PDMS thin film and the top surface of the PDMS basal membrane were both treated with oxygen plasma for 50 sec before permanently bonded together via plasma-assisted PDMS-PDMS bonding. The resultant PDMS micropost array on the PDMS basal membrane was immersed sequentially in 100%, 70%
and 30% ethanol before submerged in DI water.
The PDMS microposts were fluorescently labeled with a 5 µg mL -1 Δ 9 -DiI solution for 1 hr. After replacing DiI solution with DI water, passivation of the PDMS micropost array was performed by incubating in 0.2% Pluronic F-127 (BASF) for 30 min. This passivation step rendered the surface areas of the PDMS micropost array not coated with fibronectin resistant to protein adsorption, preventing cell adhesion to these undesired areas of the PDMS micropost array. The PDMS micropost array was then rinsed thoroughly with DI (before stored at 4°C for up to one week).
Before use, the PDMS micropost array was rinsed thoroughly with PBS, submerged in culture media, and pre-equilibrated at 37 o C in 5% CO 2 .
Theoretical modeling of the F-actin cytoskeleton mechanics
In this study, we developed a mechanics model from first principles to recapitulate how the Factin cytoskeleton architecture ( Fig. 4A & Supplementary Fig. S8A ) could regulate the response of CSK contractile forces under uniaxial stretch. Our theoretical model involved three 5 configurations of the F-actin CSK for each cell morphology -a reference configuration, a prestressed configuration and a stretched configuration -defined as following.
The reference configuration ( Fig. 4B) was defined as the initial configuration of the Factin CSK wherein all the dimensions were known a priori and there was no strain or stress in the F-actin CSK structure (i.e., in a mechanically resting cell). For a living contractile cell, the pre-stressed configuration was reached by introducing the pre-strain, ε pre , into each F-actin fiber, and achieving a mechanical equilibrium wherein the anchorage (or FA)-mediated reactive forces F were in balance with the internal CSK tension T. After uniaxial stretch of 10% was applied to the cell, it reached another mechanical equilibrium -the stretched configuration -where the reactive forces were again in balance with the internal tensions ( Supplementary Fig. S8B-F) .
Since the pre-stressed and stretched configurations of the F-actin CSK were similar in topology, we only illustrated the latter in Supplementary Fig. S8B -F for the sake of clarity, and all the unknown variables in the pre-stressed configuration and those in the stretched configuration were differentiated only by a prime (') on the top-right of the latter. In our model, each F-actin fiber was assumed to have the same mechanical property, constitutive law and prestrain (equation (1)). As illustrated in our models ( Supplementary Fig. S8B-F) , except for the circular cell model, it was critical to solve for the position of each "Y" junctions in the model (2x, 2y; 2x', 2y'), in order to calculate the balanced reaction forces and internal tensions in both the pre-stressed configuration and the stretched configuration. Normalizing the reaction forces in the stretched configuration over those in the pre-stressed configuration resulted in the normalized response of cellular contractile forces, as a theoretical prediction that could be directly compared with our experimental data. In the following, we will present the explicit mathematical expressions of the theoretical model for each scenario (Supplementary Fig. 8B-F) .
(1) For a circular cell (Supplementary Fig. S8B ), the mathematical description has been provided in the main text.
(2) For a square cell (Supplementary Fig. S8C ) under pre-stressed configuration, the four Due to the symmetry of the pre-stressed configuration before stretch, the reaction forces were found all identical to each other, i.e., F 1 = F 2 . For a square cell in the stretched configuration under diagonal stretch (Supplementary Fig. S8C ), the positions of the Y-junctions were determined in a way similar to that we discussed above. To be specific, the internal tensions within the F-actin CSK were given by 
, from which, in combination with equation (S6) and (S7), the normalized cellular force response (F 1 '+F 2 ')/(F 1 +F 2 ) (Fig. 4C) and normalized subcellular force responses F 1 '/F 1 and F 2 '/F 2 ( Fig.   4D) were predicted using  pre = 0.25.
(3) For a square cell (Supplementary Fig. S8D ) in pre-stressed configuration, but in a coordinate system rotated 45 degrees from that shown in Supplementary Fig. S8C , the internal tensions were given by the positions of the Y-junctions: 
(S19) The x and y could then be solved using iteration method. They were then used to calculate the value for reaction forces F by 
We found the result given by equation (S20) was identical to the results given by equation (S6) and (S7), because the pre-stressed configurations in both cases were physically the same, except for a rotation of the coordinate system. For the square cell in stretched configuration under stretch along the edge (Supplementary Fig. S8D ), the internal tensions were 
The mechanical equilibrium between T 1 ', T 2 ' and T 3 ' resulted in 
The x' and y' could then be solved using iteration method. They were then used to calculate the value for reaction force F' by 2 22 1 pre
, from which, in combination with equation (S20), the normalized cellular force response F'/F (Fig. 4C) was predicted using  pre = 0.25.
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(4) For a rectangular cell (Supplementary Fig. S8E ) in pre-stressed configuration, the internal tensions were given by Fig. S8E ), the internal tensions were 
The mechanical equilibrium between T 1 'and T 2 ' resulted in 
, from which , in combination with equation (S30), the normalized cellular force response F'/F (Fig. 4C) was predicted using  pre = 0.25. 
, from which, in combination with equation (S30), the normalized cellular force response F'/F (Fig. 4C) was predicted using  pre = 0.25.
